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Preliminary Amendment 



Honorable Commissioner of 

Patent and Trademarks 
Washington, D. C. 20231 

Dear Sir: 

Please amend the above- identified application as delineated 



below . 



In the Disclosure : 



On page 1, please delete line 4 and substitute the following 
therefor : 

-- Field of the Invention 

On page 1, please delete lines 7 and 8 and substitute the 
following : 

-- carrying out these methods. 
Background of the Invention -- . 
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On page 1, between lines 22 and 23, please insert the 
following : 

-- Summary of the Invention --. 

On page 2, please delete lines 2 to 4 . 

On page 2, lines 11 and 12, please delete "This task is 
furthermore solved also with the features of claim 3.". 

On page 2, please delete lines 21 to 24. 

On page 3, please delete lines 16 to 20 and substitute 
therefor the following: 
- - Brief Description of the Drawings 

The invention will now be described with reference to the 
drawings wherein: 

On page 4, please delete line 4 and substitute the 
following : 

-- Description of the Preferred Embodiments of th e Invention --. 
In the Abstract : 

On page 11, please delete line 1 and substitute therefor: 
Abstract of the Disclosure --. 
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In the Claims : 



Please cancel claims 1 to 7 and add claims 8 to 15 as 
follows : 

8. A method for operating a mixed-potential exhaust-gas probe 
for an internal combustion engine, the exhaust -gas probe 
including: a heatable probe ceramic; a first electrode arranged 
in a chamber subjected to a reference atmosphere; and, a second 
electrode, which detects gas molecules, and is arranged in the 
exhaust gas of the internal combustion engine; the method 
comprising the steps of: 

providing a pump voltage source and applying a pump voltage 
across the first and second electrodes so that, in the interior 
of the chamber, a somewhat reduced oxygen partial pressure is 
adjusted by the electrochemical pumping off of the oxygen 
molecules ,* 

applying a constant external voltage to the electrodes with 
this voltage deviating from the thermodynamic equilibrium voltage 
of the wanted reaction,- and, 

measuring and evaluating the current dropping across the 
electrodes . 

9. The method of claim 8, comprising the further step of 
experimentally determining the optimal voltage for detecting 
individual mixed potentials of individual components of the 
exhaust gas . 
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10. A method for operating a mixed-potential exhaust-gas probe 
for an internal combustion engine, the exhaust -gas probe 
including: a heatable probe ceramic detecting gas molecules; a 
first electrode mounted in a chamber and the first electrode 

5 being subjected to a reference atmosphere; and, a second 

electrode arranged in the exhaust gas of the internal combustion 
engine; the method comprising the steps of: 

providing a pump voltage source and applying a pump voltage 
across the first and second electrodes so that a somewhat reduced 
10 oxygen partial pressure is adjusted in the interior of the 

chamber by elect rochemical ly pumping off the oxygen molecules ; 
and, 

applying a constant current to the probe ceramic and 
measuring and evaluating the voltage adjusting between the first 
15 and second electrodes with this voltage deviating from the 

thermodynamic equilibrium voltage of the desired reaction. 

11. The method of claim 10, comprising the further step of 
experimentally determining the current for detecting individual 
mixed potentials of individual components of the exhaust gas. 

12. A circuit arrangement for carrying out a method for 
operating a mixed-potential exhaust-gas probe for an internal 
combustion engine, the exhaust -gas probe including: a heatable 
probe ceramic; a first electrode arranged in a chamber subjected 

5 to a reference atmosphere; and, a second electrode, which detects 

gas molecules, and is arranged in the exhaust gas of the internal 
combustion engine,- the method comprising the steps of: providing 

4 



a pump voltage source and applying a pump voltage across the 
first and second electrodes so that, in the interior of the 
chamber, a somewhat reduced oxygen partial pressure is adjusted 
by the electrochemical pumping off of the oxygen molecules; 
applying a constant external voltage to the electrodes with this 
voltage deviating from the thermodynamic equilibrium voltage of 
the wanted reaction; and, measuring and evaluating the current 
dropping across the electrodes; the arrangement comprising: 

an inverting operational amplifier having a non- invert ing 
input, an inverting input and a feedback loop; 

a voltage divider R2 connected to said non- invert ing input ; 

the exhaust-gas probe being connected to said inverting 
input ; 

a reference resistor Rl arranged in said feedback loop; and, 
a difference amplifier which amplifies the voltage 
difference between said non- inverting input and the output of the 
operational amplifier and outputs the difference as a measurement 
signal . 

13. The circuit arrangement of claim 12, further comprising a 
switching device for switching the circuit arrangement for the 
voltage polarized current measurement over to the circuit 
arrangement for current polarized voltage measurement. 

14. A circuit arrangement for carrying out a method for 
operating a mixed-potential exhaust -gas probe for an internal 
combustion engine, the exhaust-gas probe including: a heatable 
probe ceramic detecting gas molecules; a first electrode mounted 



in a chamber and the first electrode being subjected to a 
reference atmosphere; and, a second electrode arranged in the 
exhaust gas of the internal combustion engine; the method 
including the steps of: providing a pump voltage source and 
applying a pump voltage across the first and second electrodes so 
that a somewhat reduced oxygen partial pressure is adjusted in 
the interior of the chamber by electrochemically pumping off the 
oxygen molecules; and, applying a constant current to the probe 
ceramic and measuring and evaluating the voltage adjusting 
between the first and second electrodes with this voltage 
deviating from the thermodynamic equilibrium voltage of the 
desired reaction; the arrangement comprising: 

a non-inverting operational amplifier having a non- inverting 
input, an inverting input and a feedback loop; 

a voltage divider R2 connected to the non- invert ing input; 

a reference resistor Rl connected to the inverting input; 
said exhaust -gas probe being arranged in said feedback loop; and, 

a difference amplifier for amplifying the voltage difference 
at the sensor and outputting said voltage difference as a 
measurement signal . 

15. The circuit arrangement of claim 14, further comprising a 
switching device for switching the circuit arrangement for the 
voltage polarized current measurement over to the circuit 
arrangement for current polarized voltage measurement. 
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Remarks 



Claims 8 to 15 have been added and claims 1 to 7 are 
cancelled so that claims 8 to 15 are pending in this application 
of which claims 8, 10, 12 and 14 are in independent form. The 
new claims make improvements as to the form of the original 
claims . 

The disclosure has been amended to add appropriate headings 
and to make needed corrections. 



Walter Ottesen 
Patent Attorney 
P.O. Box 4026 

Gaithersburg, Maryland 20885-4026 
Phone: (301) 869-8950 
Date: May 30 # 2001 



Respectfully submitted, 




Walter Ottesen 
Reg. Mo. 25,544 
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Methods for Operating a Mixed-Potential Exhaust -Ga s Probe and 
Circuit Arrangements for Carrying Out t he Methods 
State of the Art 
5 The invention relates to methods for operating a 

mixed-potential exhaust -gas probe and circuit arrangements for 
carrying out these methods in accordance with the preamble of the 
independent claims 1, 3, 5 and 6. 

Mixed-potential exhaust-gas probes are utilized, for 
10 example, as gas sensors to detect the hydrocarbon concentration 

of the internal combustion engine or as NOx probes for detecting 
the nitrogen oxide component in the exhaust gas of internal 
combustion engines . 

These probes are with respect to their configuration similar 
15 to the X-probes and are presented, for example, in the text of 

Bosch entitled "Kraft f ahrtechnisches Taschenbuch" , 22nd edition, 
1995, starting at page 490. 

In known mixed-potential exhaust -gas probes, the signal is 
measured: as a voltage between two electrodes; via the 
20 short-circuit current between the electrodes; or, by tapping the 

voltage measurable between the electrodes and dropping across a 
resistor . 

It is an object of the invention to provide a method for 
operating a mixed-potential exhaust -gas probe wherein a highest 
25 possible selectivity is made possible with respect to the 

individual components of the exhaust gas even in the presence of 
sometimes very large transverse sensitivities. 

Furthermore, it is an object of the invention to provide 
circuit arrangements which make possible to carry out the methods 
30 with a technically simple configuration and the least number of 

1 



components . 

Advantages of the Invention 

The first mentioned task is solved by the features of 
claim 1 . 

By applying a constant external voltage, the probe can be 
adjusted to some extent to individual exhaust -gas constituents 
which are to be detected. The external voltage is different from 
the thermodynamic equilibrium voltage. 

The external constant voltage is determined previously and 
preferably experimentally. 

This task is furthermore solved also with the features of 
claim 3. In this case too, the exhaust-gas probe is adjusted to 
a certain extent to the detection of individual gas components of 
the exhaust gas . 

The magnitude of the current, which is to be applied to the 
probe ceramic, is determined experimentally. 

The sensitivity of the probe can be considerably increased 
by the voltage or the current which is distinguished from the 
thermodynamic equilibrium voltage and the thermodynamic 
equilibrium current, respectively. 

The last -mentioned task according to the invention is 
further solved by circuit arrangements having the features of 
claims 5 and 6. 

A voltage-polarized current measurement (that is, a 
measurement of the current which drops on the electrodes of the 
mixed-potential exhaust-gas probe) at constant external voltage 
can be realized in a technically very simple manner with an 
inverting operational amplifier. A voltage divider is connected 
to the non- inverting input of the operational amplifier and one 
of the electrodes of the exhaust-gas probes is connected to the 



inverting input of the operational amplifier. A reference 
resistor is arranged in the feedback loop of the operational 
amplifier . 

A current polarized voltage measurement is made possible in 
a technically simple realizable manner with a non- invert ing 
operational amplifier. The voltage measurement is a measurement 
of the voltage, which adjusts between the electrodes, when 
applying a constant current to the probe ceramic. A voltage 
divider is arranged at the non- invert ing input of the operational 
amplifier and a reference resistor is arranged at the inverting 
input thereof. The exhaust -gas sensor is arranged in the 
feedback loop of the operational amplifier. 

In an advantageous embodiment, switching means are provided 
via which switching can take place between the two circuit 
arrangements . 
Drawing 

Further advantages and features of the invention are the 
subject matter of the following description as well as of the 
schematic representation of the embodiments of the invention. 

The drawings show: 

FIG. 1 is an exhaust -gas probe having a pumped reference and 
known from the state of the art; 

FIG. 2 shows the probe voltage, which is taken off at a 
polarized NOx mixed potential probe, as a function of time; 

FIG. 3 shows the HC transverse sensitivity as a function of 
the pump voltage for a mixed potential exhaust -gas probe making 
use of the invention; 

FIG. 4 is an embodiment of a circuit arrangement of the 
invention for the voltage-polarized current measurement of a 
mixed potential exhaust -gas probe; and, 



FIG. 5 shows an embodiment of a circuit arrangement 
according to the invention for the current -polarized voltage 
measurement . 

Description of the Embodiments 
5 FIG. 1 shows, in section, an exhaust -gas probe 1.2 on an 

exhaust -gas pipe of which a wall 1.1 is shown. This wall 1.1 
partitions the exhaust gas of an internal combustion engine 
(left) from the ambient air (right). The exhaust-gas probe 1.2 
includes a solid-state electrolyte 1.3 in its exhaust-gas end 

10 portion. The solid-state electrolyte 1.3 is between a first 

electrode 1.4 subjected to the exhaust gas and a further 
electrode 1.5. A reference gas volume 1.6 communicates with the 
electrode 1.5 and is in direct contact with the ambient air via a 
channel 1.9. The electrode 1.5 is connected to a measuring 

15 feedline 1.10 and the electrode 1.4 is connected to a measurement 

line 1.11. 

For maintaining a stable reference atmosphere, it is 
essential that the supply of oxygen via the pump current I p 
exceeds, in time average, the occurring losses of oxygen. Such 
2 0 losses occur perforce during the measurement of a voltage in the 

electrodes when the voltage measurement is based on a current 
measurement via a measuring resistor in a manner known per se . 
Typically, measurement resistors in the megaohm range are used in 
the range of the measurement of voltages in the order of 

2 5 magnitude of the output voltage of the exhaust -gas probe of 1 V. 

As a consequence, a measurement current flows in the microampere 
range. For electrolytes, this current is carried by oxygen ions 
from the reference volume so that the oxygen concentration in the 
reference gas volume reduces because of the measurement . 

3 0 A measurement pulse can be so dimensioned with respect to 
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its height and time duration that it supplies the required pump 
current in time average. 

The basic idea of the invention is to achieve an improvement 
of the gas selectivity in that a constant external potential or a 
constant external current is applied to the sensor 

electrodes (1.4, 1.5). In this way, the signal formation can be 
adjusted to a certain extent to individual gases and thereby the 
selectivity can be improved. If a constant external potential, 
that is, a constant external voltage is applied, which deviates 
from the thermodynamic equilibrium voltage, the adjusting current 
is measured and evaluated. If a constant current is applied, 
then the measurement and evaluation of the potential, which 
adjusts, or the voltage, which adjusts, takes place. 

By applying a voltage which lies above the thermodynamic 
equilibrium voltage of the disturbing electrode reaction, it is 
especially possible to influence the course of the disturbing 
reaction so that no disturbing components participate in the 
wanted reaction. 

FIG. 4 shows an embodiment of a circuit arrangement for the 
voltage-polarized current measurement wherein one applies a 
constant external voltage to the electrodes (1.4, 1.5) of the 
exhaust -gas probe and measures and evaluates the current dropping 
via the electrodes (1.4, 1.5). The applied voltage deviates from 
the thermodynamic equilibrium voltage. The circuit includes an 
operational amplifier having a feedback loop in which a reference 
resistance Rl is connected; that is, the reference resistance Rl 
is connected between the inverting input of the operational 
amplifier and the output thereof. The exhaust-gas probe is 
connected to ground at the inverting input. A voltage divider 
identified by R2 is connected to the non- invert ing input of the 



operational amplifier. A differential amplifier is arranged 
between the non- inverting input and the output and the output 
signal to ground is the measurement signal. If the internal 
resistance or the potential at the exhaust-gas probe changes, 
5 then the operational amplifier controls the voltage, which is 

present at the exhaust-gas probe, via the reference resistance Rl 
which acts as a feedback resistor. The signal between the 
non- inverting input and the output of the operational amplifier 
is proportional to the current which flows through the sensor and 
10 is amplified by the differential amplifier. 

The circuit further includes a three-way switch SI by means 
of which switching can take place to the circuit arrangement 
shown in FIG. 5. The circuit arrangement shown in FIG. 5 defines 
a current -polarized voltage measurement wherein a constant 
15 current can be applied to the probe ceramic and the voltage which 

adjusts can be measured and evaluated. The circuit arrangement 
shown in FIG. 5 distinguishes from the circuit arrangement in 
FIG. 4 in that the reference resistor Rl is connected to the 
inverting input of the operational amplifier; in contrast, the 
2 0 exhaust -gas probe is arranged in the feedback loop of the 

operational amplifier. The voltage divider R2 is connected to 
the non-inverting input. In this case, the differential 
amplifier amplifies the voltage dropping across the exhaust-gas 
probe and this voltage is evaluated as a measurement signal. In 
25 this circuit, a current is impressed upon the exhaust-gas probe 

and this current is determined only by the voltage adjusted via 
the voltage divider (that is, by means of the potentiometer R2) 
and the resistor Rl . Since the exhaust-gas probe lies in the 
feedback of the operational amplifier, the internal resistance of 
the exhaust -gas probe has no influence on the impressed current. 

6 
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The voltage drop across the exhaust -gas probe is measured with 
the aid of the differential amplifier. 

As an example, FIG. 2 shows the mixed potentials of 
hydrocarbons (450-45 ppm) (reference numeral 1) as well as the 
5 mixed potentials of nitrogen oxides (reference numeral 2) . These 

mixed potentials are detected by means of a voltage-polarized 
current measurement (see FIG. 4) for a polarization voltage 
of +290 mV. 

If the electrode is negatively polarized, then the signal 
10 amplitude of the hydrocarbon mixed-potential formations drops 

with increasing negative polarization (reference numeral la) . 
The nitrogen oxide signal first drops with falling polarization 
voltage, reverses and then increases with increasing negative 
polarization voltage to 100 mV for a polarization voltage 
15 of -500 mV (reference numeral 2a) . 

In FIG. 3, the amplitude of the hydrocarbon mixed-potential 
formations (transverse sensitivity) is plotted against the pump 
voltage or polarization voltage. 

As shown in FIG . 3, no hydrocarbon transverse sensitivity is 
20 present for a pump voltage of -600 mV so that a measurement is 

possible of only the NOx component . 
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Patent Claims 



1. Method for operating a mixed-potential exhaust-gas probe for 
an internal combustion engine having a heatable probe ceramic 1.3 
with a first electrode 1.5, which is arranged in a chamber 1.6 
and is subjected to the reference atmosphere and with a second 
5 electrode 1.4 which detects gas molecules and is arranged in the 

exhaust gas of the internal combustion engine, a pump voltage 
being applied between the first and second electrodes by means of 
a pump voltage source, so that, in the interior of the 
chamber 1.6, a somewhat reduced oxygen partial pressure is 

10 adjusted by the electrochemical pumping off of the oxygen 

molecules, characterized in that one applies a constant external 
voltage to the electrodes (1.4, 1.5) with this voltage deviating 
from the thermodynamic equilibrium voltage of the wanted 
reaction, measuring and evaluating the current dropping across 

15 the electrodes (1.4, 1.5). 

2. Method of claim 1, characterized in that one determines the 
optimal voltage for detecting individual mixed potentials of 
individual components of the exhaust gas experimentally. 

3. Method for operating a mixed-potential exhaust-gas probe for 
an internal combustion engine having a heatable probe ceramic 1.3 
detecting gas molecules and having a first electrode 1.5 mounted 
in a chamber 1.6, the first electrode 1.5 being subjected to the 
reference atmosphere, and having a second electrode arranged in 
the exhaust gas of the internal combustion engine, wherein a pump 
voltage is applied between the first and second electrodes 1.4 
with a pump voltage source so that a somewhat reduced oxygen 
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partial pressure is adjusted in the interior of the chamber 1.6 
by electrochemically pumping off the oxygen molecules, 
characterized in that one applies a constant current to the probe 
ceramic and measures and evaluates the voltage adjusting between 
the electrodes (1.4, 1.5) with this voltage deviating from the 
thermodynamic equilibrium voltage of the desired reaction. 

4. Method of claim 3, characterized in that one determines the 
current for detecting individual mixed potentials of individual 
components of the exhaust gas experimentally. 

5. Circuit arrangement for carrying out the method of claim 1 

or 2, characterized by an inverting operational amplifier, with a 
voltage divider R2 being connected to the non- invert ing input of 
the operational amplifier and the exhaust-gas probe being 
connected to the inverting input of the operational amplifier and 
a reference resistor Rl being arranged in the feedback loop; and, 
a differential amplifier which amplifies the voltage difference 
between the non- invert ing input and the output of the operational 
amplifier and outputs the difference as a measurement signal 
(voltage polarized current measurement, FIG. 4) . 

6. Circuit arrangement for carrying out the method of claim 3 
or 4, characterized by a non- inverting operational amplifier 
having a non- invert ing input and an inverting input, a voltage 
divider R2 being connected to the non- inverting input and a 
reference resistor Rl being connected to the inverting input, an 
exhaust -gas probe being arranged in the feedback loop of the 
operational amplifier and having a differential amplifier which 
amplifies the voltage difference at the sensor and outputs this 

9 
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voltage difference as the measurement signal (current polarized 
voltage measurement, FIG. 5) . 

7. Circuit arrangement of claim 5 or 6, characterized in that a 
switching device is provided via which the circuit arrangement 
for the voltage polarized current measurement can be switched 
over to the circuit arrangement for current polarized voltage 
measurement . 
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Summary 

A method for operating a mixed-potential exhaust -gas probe 
for an internal combustion engine having a heatable probe 
ceramic 1.3 with a first electrode 1.5, which is arranged in a 
5 chamber 1.6 and is subjected to the reference atmosphere and with 

a second electrode 1.4 which detects gas molecules and is 
arranged in the exhaust gas of the internal combustion engine, a 
pump voltage being applied between the first and second 
electrodes by means of a pump voltage source, so that, in the 

10 interior of the chamber 1.6, a somewhat reduced oxygen partial 

pressure is adjusted by the electrochemical pumping off of the 
oxygen molecules, characterized in that one applies a constant 
external voltage to the electrodes (1.4, 1.5) with this voltage 
deviating from the thermodynamic equilibrium voltage of the 

15 wanted reaction, measuring and evaluating the current dropping 

across the electrodes (1.4, 1.5). 
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Attorney Docket No. R 36127 
Declaration and Power of Attorney for National Stage of PCT P atent Application 
As a below named inventor, I hereby declare that: • 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the 
subject matter whichUs claimed and for which a patent is sought on the invention 
entitled: Methods f or 'operating a Mixed- Potent ial Exhaust-Ga s Prob e and Circuit 
Arrangements for CarrvinVout the Methods , the specification of which was filed as PCT 
lnt"rn?ti-n^ ^ rp i ^^inn^b^r PCT/DE 00/03384 on September 28, 2000 . 

z here by state that I have reviewed and understand the contents of the above- identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119, of 
any foreign appl icat ion ( s ) for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

f \ Priority Claimed 
Prior Foreign Application(s) y 

199 47 240.8 Federal Republic of Germany 30 Sep 99 _JL_ — _ 

(Number) (Country) Date Filed Yes No 



(Number) (Country) Date Filed Yes No 

As a named inventor, I hereby appoint the following attorney to prosecute this 
application and to transact all business in the Patent and Trademark Office connected 
therewith : 

Walter Ottesen 
Reg. No. 25 , 544 

Direct all telephone calls to Walter Ottesen at telephone no. (301) 869-8950 and 
address all correspondence to: 

Walter Ottesen 
Patent Attorney 
P.O. Box 4 02 6 

Gaithersburg , Maryland 20885-4026 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true,- and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Full name of sole or first inventor, if any Bernd Mueller . 

)U^f^ V^§^6^ Date ZZ- O?* Q±_ 

Inventor's signature &4*u*.wiWc sW*™-^ 

Residence 7I22Q Loonbog». Federal Repub lic of Germany 

Country of ^iH7Pn^hi P Federal Rep ublic of Germany : — 

Post Office Address LiliautrQjJL D , 71220 Lconberg Au^wrc/e^eT $f+* 19 



Federal Republic of Germany I > $C 
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